The assessment has showed the dynamics of a decline in the level of social-economic dissatisfaction in the region (1995)(1996)(1997)(1998)(1999)(2000)(2001)(2002)(2003)(2004)(2005)(2006)(2007)(2008)(2009)(2010)(2011). The models of social dissatisfaction constitute a tool for rapid and up-to-date assessment of socio-economic system sustainability, and of the willingness of the population to participate in protests. The application of the results of this study is the support of decision-making regions and state structures in working out plans of the socio-economic development of the regions.
Introduction
Designing of mathematical models that demonstrate the level of social dissatisfaction is one of the most important goals of security services, social technologies and political science. Despite a lot of research conducted in this area, the problem in question is still of high importance due to the lack of practical application of the existing models at the governmental level.
The purpose of this work is to develop a mathematical model of social tension assessment that would serve as a means of preventing social conflicts.
The first model is based on the estimate of deviation of the socio-economic system from the steady state. Social conflicts are the most dangerous form of socio-economic system instability. At ЭКОНОМИКА РЕГИОНА Т. 13, вып. 1 (2017) that, stability is evaluated by differentiation (not polarization) of population incomes.
National Security Concept of the Russian Federation states that the priority of economic factors in the social sphere is of fundamental importance for strengthening the state, for ensuring real implementation of social safeguards based on state support, for developing mechanisms for collective responsibility, democratic decision-making, and social partnership. In this respect, a socially fair and economically effective income distribution policy is very important 1 . The index is designed to be the indicator reflecting people's readiness to join public protests. If this index reaches or exceeds the critical value, it can be indicative of a high risk of protest activity. Well-timed preventive actions can help to resolve a conflict situation by peaceful means.
The second model allows us to estimate the dynamics of social tension, depending on several factors.
In this study, the second model included the selected factors that had the greatest impact within the investigation period. Thus, a set of factors included in the model is not clearly established, it can vary.
Both developed indices are the indicator of public readiness to join protest actions.
The mathematical models, suggested in this research, can be utilized by various organizations and institutions, for instance, by the Security Service for designing security measures, by politicians and economists for decision-making purposes in the sphere of regulating distribution and redistribution of government revenues, as well as other professional domains, related to governmental processes. Besides, the algorithmic method proposed in the study can be useful for the organizations that specialize in conflicts studying (Center of Conflictology, Mediation Center, etc.).
Theory
Social dissatisfaction as a phenomenon exists in any group or team irrespective of its level. It may be found within an organization, a region, or at the state level. Pirogov [1] understands social dissatisfaction as a characteristic of the state of a social system, which can be described as an increase in instability due to the violation of the rights of individuals. In other research papers, devoted to this subject [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] , the wording of the concept of «social dissatisfaction» is replaced by the synonymous term of «social polarization», which means inequality, or fractionalization.
The general index of polarization [11] proposed by Esteban, Ray can be shown in the formula:
where n is the group size; δ ij is the «distance» between groups i and j; m is the number of groups; ε is width of each equi-spaced uniform basic densities of population distribution. The level of ethnolinguistic fractionalization is a numerical indicator of ethnic heterogeneity. Fractionalization has negative effects: it disturbs economic growth, reduces the income of the population and decreases the desired effects of a governmental policy [15] . In other research papers, this variable can be described with the help of the Hirschman-Herfindahl fractionalization index:
where n is the i-th group size; m is the number of groups.
In the articles by Fusco and Silber, social polarization is understood as the distance between various social groups. It is defined on the basis of such variables as: race, religion or ethnic origin, which may hypothetically be the cause of a conflict. Besides, there is an index proposed by Reynal-Querol [16] that may be used for the calculation of changes at the level of polarization:
where n is the i-th group size; m is the number of groups. In their work [14] , the authors assess the extent of social polarization with the help of the variable -health self-assessment. The authors analyze the data based on a person's citizenship status; therefore, we can speak of the existence of two groups: immigrants and citizens of the country. The authors suggest two strategies for the assessment of social polarization: the first one is a "stratification approach". It allows the analysts to assess the degree of non-overlapping of the distributions of serial variables characterizing various subgroups of the population. The second one, an "opposite approach", implies that social polarization of the serial variable will be maximized if the respondents that belong to this subgroup of the population are [2] polarization is based on the interaction of intragroup identity versus alienation. It can be identified as an increasing function of the number of people who belong to the same income class. It is true for any respondent that the more is the number of people belonging to the same income group, the stronger is the identification of the person with that group. The function of alienation characterizes the antagonism caused by social class differentiation and differentiation of incomes. A respondent, in this case, does not associate himself/herself with a group and feels alienated from his/her peers who are too "far" from him.
In other studies [4, 9] , the authors emphasize the distinction between the social concepts of inequality and polarization. The authors suggest using the following inequality indicators: the Gini's coefficient and the generalized entropy (GEGeneralized Entropy). The indicators of polarization (ER -Esteban-Ray index, W -Wolfson index, TW -Tsui-Wang index) are mentioned in these studies as well. In this work, the authors [9] also emphasize the difference between inequality and polarization.
Within the context of the current research, social dissatisfaction is understood as a special condition of public consciousness and interactions between the subjects, as well as a specific state of the perception of reality. In this case, social dissatisfaction is considered to be the generalized characteristic of a conflict situation; it is characterized by a high level of people's dissatisfaction, caused by some factor or a number of factors (inflation, deficiency of goods and services, etc.). Esteban and Ray [11] proposed the index that determines the level of conflict according to the complex indicator that includes the general index of polarization and the index of fractionalization: 
For the assessment of income inequality, the entropy approach was used (The Theil inequality index):
where x is the income level in the income group; µ is the average level of income; f(x) characterizes income density within each group.
Zhang and Kanbur [4] adjusted Theil 's formula in terms of intragroup and intergroup interaction:
where I(f) is the Theil inequality index; I B is the Theil inequality index for intergroup interaction; I W is the Theil inequality index for intragroup interaction; µ is the average level of income; µ i is the average level of the i-th group income; K is the number of groups; π is coefficient, ;
is the population of the i-th group; N is the total population. Up to a certain point, social dissatisfaction does not constitute a threat; but there is a critical value of social dissatisfaction, the excess of which may result in conflicts, uprisings and wars. Oftentimes, dissatisfaction increases slowly, until there are particular events that act as a trigger and make a feeling of disappointment erupt outside.
Besides, for a real conflict to occur, there should be some conditions and resources necessary for the organized group activities. Lack of such resources can inhibit the emergence of open conflicts, a conflict, in that case, may remain latent. According to the theory of a plurality of conflicts by L. Coser, the greatest threat to the dynamics of evolutionary processes in a social system is connected with a growing tension level, which may result in the polarization of social groups' interests and escalation of conflict to a higher level.
However, foreign scientists don't consider conflicts to be the only phenomenon resulting from increased levels of social polarization in modern societies. Authors of the articles in this field [7] associate polarization with financial deficiency and inflation. In this case, the scientists conclude that high polarization levels correspond to financial deficiency and subsequently result in high inflation.
Thus, the analysis of Russian and foreign literature has shown that no complex model has so far existed that was designed for the assessment of the level of social dissatisfaction according to a number of factors, the model that would not rely on sociological poll results and could allow the continuous monitoring of the level of social dissatisfaction to be conducted practically cost-free.
The object of the research is social dissatisfaction in society. The scope of the research did not ЭКОНОМИКА РЕГИОНА Т. 13, вып. 1 (2017) include the study of interactions leading to open conflicts.
Data and Methods
The assessment of the social dissatisfaction level is one of the most important goals of Security services, organizations that focus on social technologies and political science. The results of the research may be used for the development and implementation of optimal strategies of conflict prevention. Although there is a lot of research work in the field, there emerged a necessity of designing alternative assessment techniques, for most of the existing ones are time-consuming and expensive.
At present, the Russian government does not conduct regular assessments of the social dissatisfaction level; they are only conducted by the researchers in their academic work. However, tension within society exists at different governmental levels: in the regions of the Russian Federation, in Russia as a whole, and in the majority of the countries in the world. In view of this, it becomes important to develop a set of indicators of social dissatisfaction as part of the system of social and economic development indicators of the Russian Federation. A system of indices in question is vital for the economic and social policy of the country and is presented in the Concept of the Long-term Social and Economic Development of the Russian Federation for the period until 2020. Due to the transition of Russian governmental institutions to paperless technologies, and because of the development of the unified information space and e-government, it becomes very important to develop the automated information system for calculating the proposed indicators because state statistical agencies are bound to use these indicators in their work.
Two models of social tension (dissatisfaction) were used in the current study: 1) Model of social dissatisfaction based on income differentiation;
2) Model of social dissatisfaction based on the complex assessment.
The authors of the current research have developed the information system for calculations linked to the suggested models.
Models

Model of Social Dissatisfaction Based on Income Differentiation
The core principle of the income-based social dissatisfaction research methodology relies on the Boltzmann distribution that is utilized in statistical physics. Previously, the Boltzmann distribution was used for the assessment of the sustainability of social and economic systems [17] . In accordance with this principle, the equilibrium condition of a closed system is associated with maximum entropy and any deviation from equilibrium results in a non-equilibrium system, also known as social dissatisfaction. In this case, social dissatisfaction is assessed with the help of the Boltzmann principle and is calculated as the difference between the actual income level and the income based on the log-normal distribution model, which illustrates the equilibrium of a socio-economic system. The assessment model of income-based social dissatisfaction is written as:
where δ ST is the index of social dissatisfaction, ISD, (Fig.1) ; f j -frequency of empirical distribution of the population for each year in the j-th income group; f j ′ -frequency of theoretical distribution (8) of the population for each year in the j-th income group.
The most likely distribution of household income that has a clear thermodynamic grounding and is characteristic of the equilibrium state, is a lognormal distribution of income, with respect to which the indicator of the level of social tension on income differentiation is calculated [18] . We will provide some examples to illustrate it later.
Consider a closed macroeconomic system with the volume of gains V, separated from the environment in which the economic agent acts. Suppose that the system interacts with the environment through the exchange of money. Let the number of agents be N. Single out from this amount those groups that have a similar ability to exchange N 1 , N 2 , ..., N i , and whose share of income is C 1 , C 2 , ..., C i respectively. In this case, we have:
where n is the number of groups of entities. We introduce another characteristic of complex systems, i. e. a function of the state of the entity, which denotes financial potential Ψ i (V, C j , N).
Given the state has a constant volume of income and entities of the economy it is a function of one variable, that is income. Obviously, changes in the income of one entity will cause correspondingly a slight change in the function of state and will amount to dΨ i . This small amount is proportional to the share of the entity income:
where γ is a constant that depends on the method of measuring the financial potential (e.g. exchange социальНо-экоНомические проблемы региоНа ЭКОНОМИКА РЕГИОНА Т. 13, вып. 1 (2017) WWW.ECONOMYOFREGION.COM rate). In further calculations, for the sake of convenience, we assume γ = 1. Divide the variables and integrate them:
We have the following:
Integrating and separating the variables, we obtain the law of normal distribution for financial potentials:
where Ψ i and Ψ are the financial potential of entities and average financial potential of all system entities; σ is a dispersion of income within a macro system. Taking into account the relationship (2) we obtain from (3) the law of log-normal distribution (Pareto's law):
The obtained equation is the law of lognormal distribution of income under conditions of equilibrium; a deviation from it is a measure of the economic system non-equilibrium.
In this case, the formula for calculation f j ′ is as follows:
where σ 2 is the dispersion, and it is calculated with the help of the following formula: 
where X j is the level of income within the j-th group; X is the average income level within the j-th group. Assessment of social dissatisfaction, illustrated by this model, is carried out with the help of the following algorithm:
1. Primary acquisition is the population's income distribution on an annual basis. In the current study, the basic data are taken from the public domain, in particular, from the Federal State Statistics Service database (Russian Federation).
2. Theoretical distribution of the population income is calculated, using the data of the actual income distribution with the help of the formula (14) .
3. Eventually, the value of social dissatisfaction is calculated according to the designed model (7) ( Table 1) .
That said, the information system 1 for the assessment of income-based social dissatisfaction ЭКОНОМИКА РЕГИОНА Т. 13, вып. 1 (2017) was created within the context of the current research [18] .
The number of people who demonstrate high levels of dissatisfaction due to the deviation from equilibrium can be calculated by multiplying the index of social dissatisfaction by the population: 16) where N is the number of people whose data were used in the research (in the case of social dissatisfaction at the federal level -the number of people in the country was used). For the calculation of social dissatisfaction at the regional level the researchers used the number of people in the region, whereas for the calculation of social dissatisfaction at the organizational level -the number of people in an organization was taken). In this article the critical value of the proposed indicator is accepted to be 0.33 and is based on the studies existing in the field of research [19] .
Model of Social Dissatisfaction Based on Complex Assessment
For the designing of a social dissatisfaction model based on complex assessment, the authors of the study used an entropy approach.
The mathematical model, in this case, is based on the entropy approach, which allows estimating a social dissatisfaction level, and it was calculated according to the formula of Shannon entropy:
where H c -the index of social dissatisfaction based on complex assessment CAISD; pi is the probability of the influence of the i-th factor level on social dissatisfaction. It can be calculated with the help of the formula:
where X i is the current level of the i-th factor; X max -is the greatest possible level of the i-th factor. Preliminary selection of the factors influencing the level of social dissatisfaction is carried out with the help of the expert evaluation method on the basis of the analysis of historical facts and official statistical information -(concordance index is 0.92; opinion consistency of experts is high). Selection of the most significant factors to be included into the model of social dissatisfaction level based on the entropy approach is carried out by means of the correlation analysis 1 .
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The complex model proposes indicator δ ST that can be interpreted as the level of social dissatisfaction, based on the income differentiation. The developed mathematical model can include sets of various characteristics (factors) which depend directly on the management level (federal, regional, level of an organization).
As it was previously mentioned, a social dissatisfaction level may not necessarily reflect a threat, however, there is a critical value of social dissatisfaction, the excess of which may result in the emergence of conflicts, social unrest and wars. The critical value of the proposed indicator accepted in this article is 0.33 based on the data of the existing studies in the field of research [19] .
Using this approach, the authors of the study have designed the information system of assessing social dissatisfaction level, which includes the model of assessing income-based social dissatisfaction and the model of complex assessment of social dissatisfaction [18] .
Social dissatisfaction does not present a threat up to a certain point; however, there is a critical value of social dissatisfaction the excess of which may lead to conflicts, uprisings and wars. Oftentimes, the process of dissatisfaction growth occurs slowly until there is a particular event that acts as a trigger mechanism, causing frustration.
The authors of the current research have developed the information system for performing calculations by the proposed models.
Results
The ISD index calculation. As a result of this study, the ISD index has been calculated. The calculations of social dissatisfaction in Russia (Tables, Figures) and in the Republic  of Ingushetia (Tables, Figures) were performed by means of the method developed on the basis of this study.
The primary data for ISD calculations are presented in Table 1 .
Besides the ISD values, the graph of the Gini index dynamics is shown in table 2 and in fig. 2 .
The CAISD index calculation. The most important factors, influencing the level of social dissatisfaction, have been selected based on the method of expert evaluations. The significance level of the selected factors is specified by means of correlation analysis. The selected factors have been included into CAISD; the factors reflecting socio-economic levels in Russia (primary data for CAISD calculations) are presented in Table 3 . The factors reflecting socio-economic levels of the Republic of Ingushetia (primary data for CAISD calculations) are presented in Table 4 . The values of CAISD calculated for the Russian Federation and Ingushetia from 2000 to 2009 are presented in Table 5 and in Fig. 3 .
Discussion and Implications
The analysis of the results of calculating social dissatisfaction indices shows that the dynamics of both indicators are similar; this observation reflects a current state of the socio-economic system within the stated period of time.
In general, social dissatisfaction levels in Russia within the period from 1995 to 2001 can be characterized as high. It can be explained by a number of reasons, for instance: the events, connected with the first and second Chechen wars, high instability of public administration. Vladimir Putin's presidency that started in 2001 is characterized by increased stability, except for the discrete points, connected with the world financial crisis in 2008 in the course of which the social dissatisfaction level was high. Thus, within the studied period, the researchers of the current project observed a trend of social dissatisfaction decrease, the system, in general, can be characterized as stable, and the decreased ISD index confirms this statement. The entropy decreased (CAISD), i.e. the system became more organized and sustainable. The comparison analysis of ISD with the Gini index showed that there is no correlation between the stated indices, for the Gini index has a physical meaning and does not account for the income distribution and the state of sustainability. Thus, the comparison of the results of the scientific analysis with the results of the theoretical and pilot experiments showed that the indicators of social dissatisfaction in the Russian Federation and at the regional level in Ingushetia, calculated by means of the developed models, are dependent on the events that occurred within the studied period of time. The results can be characterized as adequate, and therefore they allow the trends of social dissatisfaction to be analyzed and the measures of conflict prevention to be proposed.
Conclusions
As a result of the current study, two mathematical models of assessing social dissatisfaction have been created for the purpose of preventing conflicts. The integrated indicators, proposed in this work, are free from political bias and objectively reflect the role of the socio-economic situation on a national and regional scale over a wide range of time
The study uses the data from open sources issued by the Federal Statistics Agency; the poll results have not been used in the research. The social dissatisfaction assessment index calculated for the Russian Federation can be used to measure the probability of civil disorders or wars. The information system that represents mathematical methods proposed by this study can be used for the assessment of the socio-economic development of the Russian Federation based on a set of key indicators. This system may be employed by executive authorities, in organizations of statistics or other governmental structures. 
